An alternate method to the common technique of evaporating a metallic coating on cells to render them conductive for scanning electron One of the most common problems encountered in scanning electron microscopy of biological specimens is that of determining if a structure existed in a living state or whether it is an artifact generated during the preparation or visualization of the specimen (1). Biological materials, because they are quite delicate, act as insulators, and often contain much fine detail, may be altered or destroyed during the processing of these samples for observation. A conductive sample is necessary in scanning electron microscopy to prevent charging, the buildup of a negative charge by the impinging of the scanning electron beam on the sample (1, 2). If this charge is not grounded, the result is a very distorted image or none at all.
One of the most common problems encountered in scanning electron microscopy of biological specimens is that of determining if a structure existed in a living state or whether it is an artifact generated during the preparation or visualization of the specimen (1) . Biological materials, because they are quite delicate, act as insulators, and often contain much fine detail, may be altered or destroyed during the processing of these samples for observation. A conductive sample is necessary in scanning electron microscopy to prevent charging, the buildup of a negative charge by the impinging of the scanning electron beam on the sample (1, 2) . If this charge is not grounded, the result is a very distorted image or none at all.
The standard method of rendering an insulating (e.g., biological) sample conductive is to place it in an evacuated bell jar and to evaporate a thin coating of conductive material, often gold or gold alloy, onto the surface of the sample (1, 2) . Possible sources of artifacts due to the deposition of the metal * This is the second paper of a series "Centrifugal Cytology." The first paper is ref. vested from the mice between 7 and 10 days after the intraperitoneal injection of 0.25 ml of a 1/100 dilution of the original crude cell suspension. The cells were collected directly into Ca-and Mg-free medium 199 containing 1% bovineserum albumin. The cells were then pelleted, washed twice with the culture medium which now contained medium 199 with Ca and Mg and 1% bovine-serum albumin, and then counted with a Coulter Counter. The erythrocytes and ascites cells were, respectively, diluted to about 500,000 and 100,000 cells per ml with the standard diluting solution for Centrifugal Cytology, which consists of (by volume): 75% medium 199 containing 0.2% bovine-serum albumin, 10% dimethylsulfoxide, and 15% H20. This medium slightly swells and flattens the cells, which aids in their identification by light microscopy. 0.25 ml of cell suspension was inserted into each of the chambers of the Centrifugal Cytology bucket, and the cells were centrifuged for 15 min at room temperature at about 2000 X g. After centrifugation, the Centrifugal Cytology buckets were removed from the centrifuge, the cells were overlayed with fixing solution, which consists of 4% glutaraldehyde and 12% dimethylsulfoxide and contains 680 mg of KH2PO4, 870 mg of K2HPO4, and 1 g of bovine-serum albumin per liter. The samples in Centrifugal Cytology buckets were centrifuged as before, but for 45 min. The following procedure may then be used immediately after the glutaraldehyde fixation step or later after air drying from xylene (we have used cells stored for over 6 weeks with no difficulty). The sample is placed for 3 hr in a standard 50% glutaraldehyde solution (Sigma Chemicals no. G6254, grade VI) which has been decanted from the BaCO3. The sample is then dipped for a few seconds in distilled water to remove excess aldehyde, placed in a 0.12 M solution of ammoniacal silver nitrates for 10 min, and placed in (Kodak Kodafix) photographic fixer for 3 min. If the last step is not performed, the sample is coated with a particulate precipitate. The cells were then dehydrated by immersion for 3 min each in successive ethanol-water solutions of 25, 50, 70, 95, and 100 volume percent ethanol, and then for 3 min each in 50% ethanol-50% o-xylene and in pure o-xylene. The individual squares were cut apart, glued onto stubs with a conductive silver epoxide (Epoxy Products Co., E-Kote no. 3030, New Haven, Conn.), and viewed with a Cambridge Mark Ha scanning electron microscope at 20 kV beam voltage and 150 ptA beam current. All magnifications given in the figures are in terms of instrument settings. All of the preparation steps were done at ambient temperature.
RESULTS AND DISCUSSION
The use of conductive polyethylene is particularly advantageous for several reasons. Primarily this substrate provides a path for the conductive cell to ground, and is easily cut with scissors to any desired shape.
If the conventional evaporative technique is used, the granular surface of Fig. 1 can serve as a standard reference for comparison with any sample on which an excess of metal may have been deposited. Any large excess of metal is immediately apparent by the loss of fine detail. Two minor disadvantages are that when drying from the final xylene solution, the polyethylene tends to curl slightly and it has poor compatability with the silver epoxide currently used in these studies. with 60% Au-40% Pd, is shown in Fig. 3 . The slight wrinkling of the erythrocyte membrane shown in Fig. 3 may be due to the formation of microcrystals and uneven distribution of the alloy since the membrane appears to be quite smooth in the wet chemical preparations (Fig. 2) . It should be noted, however, that some of the conventionally coated erythrocytes were also quite smooth (3). We believe that the smooth appearance of the chemically-treated erythrocytes is real and not an artifact, because the most common artifact induced by this treatment would be shrinking, not swelling (4).
The Ehrlich ascites cell shown in Fig. 4 was prepared chemically and shows signs of charging. Thus it provides not quite as good a picture as the conventionally coated cell shown in Fig. 5 . The two cells shown in Figs. 4 and 5 are examples of one of the major types of Ehrlich ascites cells found in this study, the "lumpy" cell. However, in spite of the slight charging, one observes (Fig. 4) that the fine structure of this cell consists of discrete small button-like projections rather than the series of ridges shown in Fig. 5 . These projections are probably due to a buildup of metal from the evaporative process.
Figs. 6, 7, and 8 each show an example of the other major type of Ehrlich ascites cell found in this study, the "hairy" cell. The chemically prepared cell in Fig. 6 also shows some signs of charging, but the structure of the surface "hairs" is finer than that shown in Figs. 7 and 8 (Fig. 8b) that the heavy coating reduces the overall resolution so that the figure appears to be overmagnified.
Such a penetrating coating should leave fine detail in a more natural state and, thus, less artifically thickened than in the cell coated by evaporation.
In summary, when the above results are compared, several features may be emphasized:
(1) The wet chemical method gives excellent results for erythrocytes, but its applicability to the study of other cells remains to be investigated. Improvements of the above technique, which result in increased amounts and/or concentrations of reduced silver may be necessary for studies of other biological materials. Other modifications we have tried are using a formaldehyde-glutaraldehyde mixture (5) and replacing the ethanol with dimethylsulfoxide in the silver solution. Neither worked as well as the procedure described.
(2) Although the evaporative technique should be applicable to all material, there are disadvantages due to the artifacts mentioned above and difficulty in reproducibility, as well as the inherent expense of the deposition system itself which includes vacuum pumps and bell jars and their maintenance and operation by trained personnel. The chemical method, by comparison, is easily reproducible and can be executed with a minimum of training.
The results of these two dissimilar methods of rendering the cells conductive are sufficiently similar to indicate that the common structural details, such as the "hairs" observed on the surface of one type of Ehrlich ascites cell, cannot be an artifact of preparation and that the diversity of structure observed on the surfaces of cells is a real phenomenon. The only cells so far that we have observed not to be covered by some sort of projection are human and chicken erythrocytes. Subsequent studies of other cells (Thornthwaite, J., Zucker, R. M. & Leif, R. C., unpublished), where the critical-point evaporation technique was compared with air drying from xylene, indicated no readily observable difference in specimens coated by evaporation.
